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Claims for the following Contracting States: ES + GR. 
@ Improvements relating to antibodies. 
@ An antibody Is produced, which will bind effectively with the 
antigen Campath-1. and which has at least one comptemen- 
tartty determining region of rat origin, as Identified tn Figure 2. 
which may be combined with a range of different foreign 
variable domain framework regions as desired, Including 
framework regions of human origin. 
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Description 

Improvements tn or relating to antibodies 



Field of the Invention 
5 This Invention relates to antibodies. 

Background to the Invention 

Antibodies, or Immunoglobulins, comprise two heavy chains linked together by dlsulphide bonds and two 
light chains, each light chain being linked to a respective heavy chain by dlsulphide bonds. The general 
10 structure of an antibody of class IgG (I.e. an Immunoglobulin (Ig) of class gamma (G)) is shown schematically 
in Figure 1 of the accompanying drawings. 

Each heavy chain has at one end a variable domain followed by a number of constant domains. Each light 
chain has a variable domain at one end and a constant domain at Its other end, the tight chain variable domain 
being aligned with the variable domain of the heavy chain and the light chain constant domain being aligned 
1$ with the first constant domain of the heavy chain. The constant domains In the Bght and heavy chains are not 
Involved directly in binding the antibody to antigen. 

The variable domains of each pair of tight and heavy chains form the antigen binding site. The domains on the 
light and heavy chains have the same general structure and each domain comprises four framework regions, 
whose sequences are relatively conserved, connected by three complementarity determining regions (CDRs) 
20 (see reference 11). The four framework regions largely adopt a beta-sheet conformation and the CDRs form 
loops connecting, and In some cases forming part of, the beta-sheet structure. 

The CDRs are held In dose proximity by the framework regions and, with the CDRs from the other domain, 
contribute to the formation of the antigen binding site. 



25 Summary of the invention 

According to one aspect of the present Invention there is provided an antibody having at least one CDR 
which Is foreign with respect to the constant region of the antibody, said at least one foreign CDR being 
selected from CDRs substantially as identified In Figure 2, namely residues 31 to 35, 50 to 65 and 95 to 102 of 
the heavy chain and residues 24 to 34, 50 to 56 and 89 to 97 of the light chain, the antibody being capable of 
30 binding effectively to the antigen Campath-1. 

The term foreign" Is used in relation to the CDR(s) and constant region to mean of different origin. 
In Figure 2 and elsewhere In the specification amino acid residues are Identified by the conventionally used 
one letter symbols, as follows: 
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45 



50 



55 
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Amino Acid 

Alanine A 

Argintne R 

Asparagine N 

Aspartic acid D 
Asparagine or aspartic B 
acid 

Cysteine C 

Glutamine Q 

Glutamic acid E 
Glutamine or glutamic Z 
acid 

Glycine G 

Histidine H 

Isoleucine I 

Leucine L 

Lysine K 

Methionine M 

Phenylalanine F 

Proline P 

Serine S 

Threonine T 

Tryptophan W 

Tyrosine Y 

Valine V 



One-letter symbol 
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In this specification, effective antibody-antigen binding is used to mean that antibody effects SCfi/o binding to 
antigen at antibody concentrations of less than or equal to 70 ug/ml, preferably at concentrations of less than 
or equal to 7 ug/ml. Binding affinity may be tested by assay procedures such as are described In the Example 
herein, eg using Cam path- 1 antigen obtained from a glycolipkf extract from human spleen, (ug - microgram) 

Thus, a standard procedure for the extraction of gtycolipids can be applied to the extraction of the 5 
Campath-1 antigen from human spleens. This, standard extraction procedure Involves the treatment of 1 
volume of homogenised human spleen tissue with 3 volumes of water, 11 volumes of methanol and 5.4 
volumes of chloroform. After mixing precipitated materia) is discarded and a further 3.5 volumes ofwater are 
added, followed by further mixing. The mixture Is then allowed to separate into two phases, the tower 
chloroform-containing phase Is discarded and the upper aqueous phase Is concentrated to provide a crude 10 
extract of the Campath-1 antigen, which can if desired be purified further by affinity chromatography, for 
example using the YTHG6.9 antibody referred to hereinafter. 

The antibody of the present Invention desirably has a light chain with at least one CDR selected from CDRs 
substantially as Identified In Figure 2 and a heavy chain with at least one CDR selected from CDRs substantially 
as Identified in Figure 2. 15 

As a further possibility, the antibody of the present Invention preferably has three heavy chain CDRs 
substantially as identified In Figure 2, or three right chain CDRs substantially as Identified in Figure 2. More 
preferably, the antibody has all six heavy and light chain CDRs substantially as identified in Figure 2. 

Hence, In a preferred aspect the present Invention provides an antibody having heavy and light chain CDRs 
which are foreign with respect to the constant region of the antibody, said CDRs being substantially as 20 
Identified in Figure 2, namely residues 31 to 35, 50 to 65 and 95 to 102 of the heavy chain and residues 24 to 34, 
50 to 56 and 89 to 97 of the light chain, the antibody being capable of binding effectively to the antigen 
Campath-1. 

The CDRs Identified In Figure 2 are of rat origin and may be combined with a range of different variable 
domain framework regions, as desired, Including, eg, framework regions of rat or human origin. 25 

In a further aspect the present Invention provides an antibody having heavy and light chain variable domains 
as identified In the lower lines of sequence Information in Figure 2, namely residues 1 to 1 13 of the heavy chain 
and residues 1 to 108 of the light chain, the CDRs and constant region of the antibody being foreign with 
respect to one another, the antibody being capable of binding effectively to the antigen Campath-1. 

Such an antibody comprises CDRs and framework regions of rat origin. 30 

The Invention also provides an antibody having heavy and light chain variable domains as Identified In the 
upper lines of sequence information in Figure 2. namely residues 1 to 113 of the heavy chain and residues 1 to 
108 of the tight chain, and that will bind effectively to the antigen Campath-1. 

Such an antibody comprises CDRs of rat origin In framework regions of human origin. 

Such an antibody may be modified by having a phenylalanine group at residue 27 of the heavy chain in place 35 
of serine, and possibly also by having a threonine group at residue 30 of the heavy chain In place of serine. A 
Ser(27) to Phe mutation is found to increase antibody-antigen binding significantly. However, the mutation of 
Ser (30) to Thr (in the human framework with the Ser (27) to Phe mutation) has little effect on binding affinity. 
This illustrates that point mutations In the antibody may have a major effect or little effect on the affinity of the 
antibody for the antigen. Although the two changes Ser (27) to Phe and Ser (30) to Thr are located within the 40 
framework region as defined In reference 11, they lie within the hypervariable loop H1 as defined In reference 
18. ft Is accordingly believed that some changes In the CDRs may simDarty be made without necessarily having 
an adverse effect on antibody-antigen affinity. References to CDRs substantially as Identified In Figure 2 are 
accordingly Intended to Include within their scope not only CDRs identical to those identified in Figure 2 but 
also variants of such CDRs. subject to the requirement of the antibody binding effectively to Campath-1. 45 

The antibody Is preferably In biologically pure form, desirably being at least 954fe (by wt) free of other 
biological materials. 

The remainder of the antibody, namely the heavy and light chain constant domains and possibly also variable 
domain framework regions and one or more CDRs, can be based on antibodies of various different types as 
desired Including, eg, rat and human antibodies of different classes. Thus, the constant domains can be 50 
selected to have desired effector functions appropriate to the intended use of the antibody* For example, for 
therapeutic purposes, human lgG1 and rat lgQ2b are currently favoured Isotypes. Further, of the human igG 
Isotypes, igQt and lgQ3 appear to be the most effective for complement and cell mediated lysis, and therefore 
for WIDng tumour cells. For other purposes other Isotypes may be favoured, eg, rat IgM, lgG1, lgG2a. lgG2c, 
human lgG2, lgG4 etc. For human therapy It is parttautarty desirable to use human Isotypes, to minimise 55 
antiglobulin responses during therapy. 

The Campath-1 antigen is strongly expressed on virtually all human lymphocytes and monocytes, but is 
absent from other blood ceils Including the hemopoietic stem cells, the antigen being described by Hale eta) In 
Blood, 1983, 62, 873-882 (reference 6). That paper describes the antibody YTH66.9 which is specific for the 
Campath-1 antigen, this antibody being available from Serotec of 22 Bankslde, Station Approach, Kkfllngton, 60 
Oxford, England, under the designation YTH 66.9 HL A further series of antibodies to Campath-1 have been 
produced, including rat monoclonal antibodies of tgM, lgG2a, and lgG2c Isotypes (reference 7) and more 
recently lgG1 and lgG2b Isotypes have been Isolated as class switch variants from the lgG2a secreting cell fine 
YTH 34£HL (reference 8). AO of these antibodies with the exception of the rat kjG2c tsotype are able to 
efficiently lyse human lymphocytes with human complement es 
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In addition the lgG2b antibody YTH 34.5HL-G2b. but not the other isotypes. is effective in anttoody 
de^dentTenmedLed cytotoxttty (ADCC) with human effector ceils (reference 8). These rat monoclonal 
aXSlea have found Important application in the context of Immunosuppression for con^ of 
oraf^rsus^st disease in bone marrow transplantation (reference 6); the management of organ rejection 
?4ferTnc^ ^ prevention of marrow rejection and in the treatment of various rymphold mangnancies 
re erence 10) For irwivo use, the lgG2b antibody YTH 34.5HL-G2b seems to be me most effective at 

which can occur within two weeks of the Initiation of treatment (reference 10). 

Antibodies m accordance with the Invention, particularly those based on hurran Isotypes. thusl Jave good 
therapeutic potential. In particular, the availability of a reshaped human antibody with specificity for the 
Camp^h-1 antigen should permit a full analysis of the in vivo potency and immunogenic rty of an 
anfrSmphocyte antibody with wide therapeutic potential. Such reshaped antibodies have been ^Jnthe 
treatment of patients with non-HodgWn lymphoma, as well as in the treatment of some cases of autotmmune 
disease. FurC trials with organ graft patients, particularly kidney graft patients, are P£P«ed. Even « 
anti-idiotypic responses are eventually observed, considerable therapeutic benefit ~^J^ Br J?f* J" 
extended course of treatment In addition an antiglobufln response restricted to idiotyp-e should be 
cS^nted by using a series of antibodies with different idlotype (reference 20). In pnnciple, the idiotype of 
Seeped cLipa?h-1 could be changed by altering the hypervarlable regins or the ran,ework regions: 
evidS antibody specific for the hapten nltrophenyi acetate suggests that the recognition 

byrnWalo^t^ antiseTa and antStotypIc monoclonal antibodies Is influenced by residues in the ^framework 
regbn (rSnce 5). Thus recycle the hypervarlable regions on different human 

tsu sraTsa- of « p*-^^ 

cancers particularly lymphomas, or for Immunosuppression purposes, compnsmg administering antibod.es in 

^^^SZ* the present invention may be footed for ^^^.^ 
mixing antibody purified In conventional manner with a physiologically acceptable diluent or carrie ^ PosstoJMn 
XSure wKh other therapeutic agents such as other antibodies. In one e ^P l fi e ^ e / o ^^ ^ 
reconstituted h a commercially available human plasma protein solution (m inus j gamma gtobul n) The 
formutation was administered by Intravenous Infusion at the rate of 5 mg antibody per day for at toast 10 days 
^SS^S!^ wfth the invention can be produced in various different ways, as wfl be described 

in greater detail in the Examples following. , . . . . fh fh _ 

Heavy and light chain variable domains are conveniently produced separately and assembled w>th the 
remainder of an antibody of desired origin, eg desired human isotype. . H tft 

G^es encoding the variable domains of an antibody of desired structure may be produced, attached to 
geneT encoding L constant domains of an antibody of desired Isotype. ^enes encoding variab la domains 
can be derrvedfrcm hybridoma cONA or from the chromosome. Genes encoding the vanable domains are also 
t^^^SSL by gene synthesis techniques or by site directed -tag-esis usir * c 
ol'gonucleoudes. Expression Is conveniently effected by transforming a cell Une. eg an 
SmSan cell Dnesuch as a myeloma cell fine, with expression vectors including DNA coding for the viable 
Sand for the remainder of the antibody and culturlng the transfomed cell One to produce the desired 

aether aspect the Invention provides a process tor the preparation of an ™^^9jX\^X one 
CDR (comple^ntarlty determining region) which is foreign with respect of the constant region of the 
amtoody.S at leSone foreign CDR being selected from CDRs substantially as Identified In 
aZr«cld residues 31 to 35, 50 to 65 and 95 to 102 of the heavy chain as shown In Figure 2a, and ammo acid 
SeV24 ^ 34 50 to 56 and 89 to 97 of the light chain as shown In Figure 2b, the antibody being capable of 
bSg e«ec Svety to Se antigen Campath-1, wttch process comprises curturing a ceO capable of expressing 

the whote molecule not essential to Its binding efficacy. In particular a F(ab') a fragment, and the word antibody 
55 * way of lustration. In the foOowtng Examples which refer to the 

accompanying drawings. In which: 

Ftaure 1 1s a schematic diagram illustrating the structre of an IgQ molecule: 

Rc^re 2 mu^^r^deic^d and amino acid sequences of the variable domains of antibodies In 
accordance wtth the Invention, with Figure 2a representing the heavy chain and 
eo Bght chain. The upper Bne of the Figure gives sequence information for reshaped antibody, with the lower 
nne gMng sequence Information for rat YTH 34.5HL antibody; _^ o . 
Figure 3 illustrates the sequence of the HuVLLYS* gene and derived amino acid sequence. 
Figure 4 illustrates the sequence of the HuVUYS gene and derived amino acid sequence: 
Figure 5 illustrates a strategy for producing a reshaped human antibody having raj CDRs; 
Figure 6 illustrate loop Phe 27 to Tyr 35 in the heavy chain variable domain of the human myeloma 
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protein KOL; 

Figure 7 Illustrates the results of complement lysis and ADCC for various antibodies; 
Figure 8 Illustrates the results of complement lysis and ADCC of various further antibodies; 
Figure 9 shows the effect of CAM PATH- 1H on btood counts in a patient (patient 1), with solid triangles 
showing results for lymphocytes and empty triangles results for neutrophils ; 5 

Figure 10 shows the cytology of bone marrow cells from two (patients 1 and 2) patients treated with 
CAMPATH-1H: 

A - patient 1 trephine before treatment with CAMPATH-1 H 
B * patient 1 trephine on day 43 (le 1 6 days after treatment) 

C = patient 2 aspirate before treatment wtth CAMPATH-1 H w 
D = patient 2 aspirate on day 76 (ie 35 days after treatment) ; 
Figure 11 shows computed tomography scans from patients 1 and 2, showing affected spleens and . 
lymphonode: 

A - patient 1 before treatment with CAMPATH-1 H 

B — patient 1 on day 57 is 
C - patient 2 before treatment with CAMPATH-H (retroc rural node arrowed) 
D - patient 2 on day 51; and 
Figure 12 shows the effect of CAMPATH-H on btood counts In patient 2, with solid triangles showing 
results for lymphocytes and empty triangles results for neutrophils. 

SO 

Example 1 

The sequences of the heavy and light chain variable domains of rat IgG2a Campath-1 antibody YTH 34.5HL 
were determined by cloning the cDNA (Figure 2), and the hypervarlable regions were identified according to 
Kabat (see reference 11). Sequence information Is given In the lower Ones of Figure 2, with the CORs identified 
In boxes. 25 

In the heavy chain variable domain there Is an unusual feature in the framework region. In most know heavy 
chan sequences Pro(41) and Leu(45) are highly conserved: Pro(41) helps turn a loop distant from the antigen 
binding site and Leu(45) is In the beta bulge which forms part of the conserved packing between heavy and 
tight chain variable domains (reference 12). In YTH 34.5HL these residues are replaced by AJa(41) and Pro (45). 
and presumably this could have some effect on the packing of the heavy and light chain variable domains. 30 

Working at the level of the gene and using three targe mutagenic oligonucleotides for each variable domain, 
in a single step the hypervariable regions of YTH 34.5HL were mounted on human heavy or light chain 
framework regions taken from the crystallographicany solved proteins NEW for the heavy chain (reference 13) 
and from a protein based closely on the human myeloma protein RE! for the tight chain (reference 14). The 
NEW light chain was not used because there Is a deletion at the beginning of the third framework region of the 35 
NEW light chain. The resulting reshaped heavy chain variable domain HuVHCAMP is based on the HuVHNP 
gene (references 1, 5) with the framework regions of human NEW alternating with the hypervarlable regions of 
rat YTH 34.5HL There are discrepancies Involving the first framework region and the first hypervarlable loop of 
the NEW heavy chain between the published sequence used here and the sequence deposited In the 
Brookhaven data base (in parentheses): SerZ7 (to Thr), Thr28 (to Ser) and Ser30 (to Asp). Neither version Is 40 
definitive and the discrepancies do not affect present considerations. The reshaped light chain variable 
domain HuVLCAMP is a similar construct, except with essentially the framework regions of the human 
myeloma protein REI, with the C-terminal and the 3* non-coding sequence taken from a human Jwegfon 
sequence (reference 22). Sequence information for the variable domain of the reshaped antibody is given in 
the upper lines In Figure 2. The sequences of oligonucleotide primers are given and their locations on the 45 
genes are also marked in Figure 2. 

Considering the above In further detail. mRNA was purified (reference 23) from the hybridoma clone YTH 
34.5HL (gamma 2a, k*), and first strand cDNA made by priming with oligonucleotides complementary to the 5' 
end of the CH1 (oligonucleotide I) and the Ck exons (oligonucleotide It). cDNA was cloned and sequenced as 
described In references 24 and 25. 50 

For expression of the rat heavy chain variable domain RaVHCAMP, two restriction sites (XbaJ and Sail) were 
Introduced at each end of the cDNA clone in M13 using mutagenic oligonucleotides 111 and V respectively, and 
the Xbal-Sall fragment excised. Simultaneously, the corresponding sites were Introduced Into the 
M13-HuVHNP gene using oOgonucteotldes (V and VI, and the region between the sites exchanged. The 
sequence at the junctions was corrected with oligonucleotides vn and VUI, and an Internal BamHI site removed 55 
using the oligonucleotide IX, to create the M13-RaVHCAMP gene. The encoded sequence of the mature 
domain Is thus Identical to that of YTH 34.5HL 

The reshaped heavy chain variable domain (HuVHCAMP) was constructed In an M13 vector by priming wtth 
three long oligonucleotides simultaneously on the single strand containing the M13-HuVHNP gene (references 
1 , 5). The mutagenesis techniques used were similar to those described In reference 33, using the host 71-18 60 
mutL and without imposing strand selection. Each oligonucleotide (X, XI and XI)) was designed to replace each 
of the hypervariable regions with the corresponding region from the heavy chain of the YTH 34.5HL antibody. 

Colony blots were probed initially with the oligonucleotide X and hybridisation positives were sequenced: 
the overall yield of the triple mutant was 5%. Ser27 to Phe and Ser27 to Phe, Ser30 to Thr mutants (to be 
described below) of M13mp8-HuVHCAMP were made with the mixed oligonucleotide XIII. 65 
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The reshaped light chain variable dome* (HuVLCAMP) was ^^Z^^^Z)^^ 
framework regions based on human REl. As above, three long ^©nucleotides (XIV. XV. and XVI) were usea 

* 'SS^S ^SSffSLK dtSibed ,n greater detaH In the fo^g 

Se 0) n T^r^sed- light chain variable domain (HuVLCAMP) was ~^*edln « a 
"humanised" light chain variable domain (HuVLLYS) which had been constructed for other P^ ses - 

(a)The fist stage mvofved the gene synthesis of a -humanised" fight chain variable domain gene 

residue in each oosMon in the Kabai allgnmerrt of the human kappa subgroup I, except for residues 
9^ w^^^n^altothose in the human J1 ^nt ^crio^ 

of the framework regions are very similar to the crystaflograpWc^lved Dght^ * E ' C ™° 
CDRs in HuVLLY°s were Identical to those in the mouse antfr/sozyme antibody < D1 2J^™ 
(unpublished). A 30 bp sequence, Identical to the sequence following the genorrdc Jt segmen^ ^was 
Seed tothe 3' side of residue 108. BamH1 and EcoRI ^^^^^^ £5£jS 
of the synthetic gene, and a PsU site at the 5' end. The gene synthesis of 

p^graphs (2) to (5) below, and the sequence of the gene and the derived amino acid sequence is given 

'"S The 'second stage Involved the Introduction of the HuVLLYS" gene In place of the heavy chain 
vanalte donSnTn SSlS^MOVHNP and this Is described In pargmohs • -^-^J 
Ughtchaln variable domain utilises the promoter and signal sequence of a heavy chain variable dornain at 
me ? end of the gene the sequence Is derived from the human light chain J1 segment ;bm r ^cribed n 
Paragraph (la). The sequence of the HuVLLYS gene and the derived amino add sequence Is given in 

F ' 9 (c?The third stage involved the conversion of HuVLLYS to a "humanised" light chain variable domain 
wrththeCDRsofCampath-1 specrfity. fD „«,_c kvi * anfi KFi-ftlnthe 

2. For the synthesis of the HuVLLYS* gene, three blocks of oligonucleotides tPKI^ KK1-S ^ d -B Intrte 
table in paragraph 3 below were cloned separately into M13 vectors and sequenced. Each cloned block was 
excised and tigated together Into M13mp19 to create the HuVLLYS gene. r - h 

3 ODg^ucleotJdes fisted below were produced on an AppHed Bicsystems 380B ^esizen Each 
oligonucleotide was size^urtfied. 10 nmol being subjected to electrophoresis on a 20 x 40 an IMfc 
™ ureagS.eUrtedfrom the gel by dklysis against water, and ^^^^^ 
or mSoenesis a 50 pmol aliquot of each purified oligonucleotide was phosphorated In a 20 ul reaction 
L^thlo^M^ ( P Hi0). 10mM MgCla. 5mM dtthlothreitol, 1 mM ATP. and 5 units of po'^leottde 
ST2£?« 3T for 30 minutes. When used as hybridization probes. 0^«^?S? 
A^SyM "n a similar, fashion, except on a 15 pmol scale with an excess of "P labeled ATP. 
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sequence (5* -3') 

GACATCCAGATGACCCAGAGCCCAAGCAGCCTGAGCGCCAGCGTGGGT 5 

GACAGAGTGACCATCACCTGTAGAGCCAGCGGTAACATCCACAACTAC 

CTGGCTTGGTAC 

CAAGCCAGGTAGTTGTGGATGTTACCGCTGGCTCTACAGGTGAT 10 

GGTCACTCTGTCACCCACGCTGGCGCTCAGGCT 

GCTTGGGCTCTGGGTCATCTGGATGTCTGCA 

IS 

CAGCAGAAGCCAGGTAAGGCTCCAAAGCTGCTGATCTACTACACCACC 
A 

CCCTGGCTGACGGTGTGCCAAGCAGATTCAGCGGTAGCGGTAGCGGTA 20 
C 

CGCTACCGCTACCGCTGAATCTGCT 

TGGC AC AC C G TC AGC C AG GG TGG TG G TGT AGTAG ATC AGC 25 
AGC TTTGG AGCC TTACC TGGC TTC TGC TGGTAC 

CGACTTCACCTTCACCATCAGCAGCCTCCAGCCAGAGGACATCGCCAC 
CTACTACTGCC 

AGCACTTCTGGAGCACCCCAAGGACGTTCGGCCAAGGGACCAAGGTGG 
A 

AATCAAACGTGAGTAGAATTTAAACTTTGCTTCCTCAGTTGGATCCTA 
G 

K E 4 AATTCTAGG ATCC AACTG AGG AAGC AAAGTTT AA A 

KE5 TTCTACTCACGTTTGATTTCCACCTTGGTCCCTT 
KE6 GGCCGAACGTCCTTGGGGTGCTCCAGAAGTGCTGGCAGTAGTAG 
KE7 GTGGCGATGTCCTCTGGCTGGAGGCT 
K E8 GCTGATGGTGAAGGTGAAGTCGGTAC 

PKO TCATCTGGATGTCGGAGTGGACACCT 

SS 



60 

4. The construction of Individual blocks Is described for the PK1-5 block, but KK1-5 and KE1-8 blocks were 
cloned as Kpnl-Kpnl and Kpnl-£coRI fragments respectively In a similar way. 4ut portions of each 
oflgonucleotide PK1 , PK2, PK3, PK4 and PK5. Wnase d as In paragraph 3, were combined and annealed at80°C 
for 5 minutes, 67°C for 30 minutes, and allowed to cool to room temperature over the span of 30 minutes, 0.1 ul 66 
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of ttiis annealing mix was Dgated wtth 20 ng of Pstl/Kpnl digested M13-mp19, In 10ui 50mM Tris-CI (pH7.5). 
lOmM MgCt 2t 10mM dithlothreitol, 1 mM ATP, 120 units T4 DNA ligase (Biolabs). and incubated 12 hours at 
15*0. The ligation mbc was used to transfect competent E, coli strain BMH 71-18, plated with BCIG and 1PTG. 
and a clone containing the complete Psll-Kpnl Insert was Identified. 

5 5 The three cloned blocks were excised from 10ug double-stranded repDcative form of the thee M13 
vectors, by digestion with Pstl/Kpnl (block PK1-6). Kpnl (block KKI-5) and Kpnl/EcoRI (block KE1-8). The 
inserts were separated from the vector by electrophoresis on a 20 x 20 cm 12<W> poryacrytemide gel. eluted 
from the gel slices with 0.5 M NH*OAc, 10 mM Mg (OAc) 2 , 0.1 mM EDTA, 0.1<Vb SDS. and purified by phenol 
extraction and ethanol precipitation. All three fragments were Bgated to Pstl/EcoRI cut M13- mp19. 200 white 

W plaques were transferred by toothpick to a fresh 2xTY plate, and grown as a grid of infected colonies. The plate 
was blotted with nitrocellulose filters, which were then treated with 0.5 M NaOH, followed by 1M Tris-CI 
(pH7.5), and baked 1 hr at 80°C under vacuum. The filters were washed at 67° C in 3x Denhardfs solution, 
2xSSC, 0.07% SDS, followed by 6xSSC at room temperature. Filters were then probed wtth the radiolabeled 
oligonucleotides KK3 or KK4 In 3ml of 6xSSC at 37°. Following hybridization with both olig nucleotides, positive 

15 colonies were picked for DNA sequencing. A phage clone containing correctly assembled blocks was 
designated M13-HuVU.YS'\ 

S. To introduce the HuVLLYS* gene in place of the heavy chain variable domain In the vector M13-MOVHNP 
(described in reference 5) as MVnp with Hindll site at the 3* end of the reading frame), double-stranded 
replicatlve form DNA of phages M13-HuVLLYS* and M13-MOVHNP were prepared and digested with Pstl and 

20 BamHl. The Insert of M13-HuVLLYS was Isolated on a potyacrylamide gel. and the vector portion of 
M13-MOVHNP was isolated on an agarose gel. The purified fragments were ligated and transfected Into E. coll 
strain BMH71-18. and the resulting plaques probed with oligonucleotide KK3 to identify the insert. The clone 
was designated M13-WuVLLYS*. ^, J , iL 

7. In the M13-HuVLlYS* gene, to Join the signal sequence of MOVHNP correctly to the 5' end of the 

25 HjVLLYS 0 gene (at the Pstl site) . single stranded DMA was prepared and altered by oligonucleotide directed 
mutagenesis with the primer PKO- see paragraph (3) for sequence. The mutant clone was designated 
M13-HuVLLYS. J , , 

The reshaped human heavy and light chain variable domains were then assembled with constant domains In 
three stages as illustrated In Figure 5. In Figure 5 sequences of rat origin are marked in black, and those of 

30 human origin in white. The recombinant heavy and light chains are also marked using a systematic 
nomenclature. 

The illustrated procedure permits a step-wise check on the reshaping of the heavy chain variable domain 
(stage 1 ), the selection of the human isotype (stage 2), and the reshaping of the light chain variable domain and 
assembly of human antibody (stage 3). The vector constructions were genomic, with the variable domains 

35 excised from the M13 vectors and cloned as H'mdIII-BamHI fragments and the constant domains as 
BamHI-BamHI fragments In either pSVgpt (heavy chain) (reference 15) or pSVneo (light chain) (reference 16) 
vectors. The heavy chain enhancer was Included to the 5' side of the variable domain.and expression of both 
light and heavy chains was driven from heavy chain promoter and the heavy chain signal sequence. 
The human gamma 1 (reference 26), gamma 2 (reference 27), gamma 3 (reference 28), gamma 4 (reference 

40 21) and K (reference 22) constant domains, and the rat gamma 2b (reference 29) constant domains were 
introduced as BamHl-BamHl fragments. The following plasmlds were constructed and transfected Into 
lymphoid cell Ones by elecfroporation (reference 30). In stage 1, the pSVgpt vectors HuVHCAMP-RalgG2B, 
and also two mutants for reasons to be explained below. HuVHCAMP(Ser27 to Phe)-RalgG2B, 
HuVHCAMP(Ser27 to Phe, Ser30 to Thr)-RatgG2B) were Introduced into the heavy chain loss variant of 

AS YTH34.5HL In stage 2. the pSVgpt vectors RaVHCAMP-RalgG2B, RaVHCAMP-HuIgG 1 . RaVHCAMP-HulgG2. 
RaVHCAMP-HulgG3. RaVHCAMP-HulgG4 were transfected as described above. In stage 3. the pSVgpt vector 
Hu(Ser27-Phe, Ser30-Thr)VHCAMP-HulgG1 was cotransfected wtth the pSV-neo vector HuVLCAMP-HulgK 
into the rat myeloma cell line YO (Y B2/3.0 Ag 20) (ref. 17). In each of the three stages, clones resistant to 
mycophenollc acid were selected and screened for antibody production by EUSA assays. Clones secreting 

SO antibody were subcloned by limiting dilution (for Y0) or the soft agar method (for the toss variant) and assayed 
again before 1 litre growth In roller bottles. 

Heav y chain variable domain 
In stage 1, the reshaped heavy chain variable domain (HuVHCAMP) was attached to constant domains of 
55 the rat isotype lgG2b and transfected into a heavy chain loss variant of the YTH34.5 hybrldoma. The loss variant 
carries two right chains, one derived from the Y3 fusion partner (reference 17]. The cloned rat heavy chain 
variable domain (RaVHCAMP) was also expressed as above. 

Antibodies were harvested at stationary phase and concentrated by precipitation wtth ammonium sulphate, 
followed by Ion exchange chromatography on a Pharmacia MonoQ column. The yields of antibody were 
60 measured by an EUSA assay directed against the rat lgG2b Isotype, and each adjusted to the same 
concentration (reference 21). 

The HuVHCAMP and RaVHCAMP antibodies - all of the rat lgG2b Isotype -were compared In a direct 
binding assay to the Campath-1 antigen (obtained from a glycoBpkJ extract from human spleen), and also in 
complement lysis of human lymphocytes. For measuring the binding to antigen, the partially purified 
€5 Campath-1 antigen was coated onto mlcrotrtre wells. Bound antibody was detected via a biotln labelled anti-rat 
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fgG2b monoclonal antibody (reference 21), developed with a streptavidln-peroxldase conjugate (Amersham 
pic). Complement lysis of human lymphocytes with human serum as the complement source was as described 
In reference 7. For both binding and complement assays, the titres for the antibodies were determined by 
fitting the data to a sigmoid curve by a least squares Iterative procedure (reference 7). and the concentration of 
antibody gMng 50% maxima] binding or lysis was noted. 5 
The results are given in Table 1. 



Table 1 



Reshaping the heavy chain variable domain 



heavy chain 

variable 

domain 



RaVHCAMP 
HuVHCAMP 
HuVHCAMP 
(Ser27toPhe) 
HuVHCAMP 
(Ser27 to 
Phe,Ser30 to 
Thr) 



Concentration of antibody in 
ug/ml at 50Ab binding or lysis 



antigen 
binding 

0.7 
27.3 
1.8 

2.0 



complement 
lysis 

2.1 
C) 
16.3 

17.6 



('} Complement lysis with the HuVHCAMP 
variable domain was too weak for the estimation of 
lysis titre. 



10 



15 



20 



25 



Compared with the original rat antibody, or the engineered equivalent, the antibody with the reshaped heavy 30 
chain domain HuVHCAMP bound poorly to the Campath-1 antigen and was weakly lytic. This suggested an 
error In the design of the reshaped domain. 

There are several assumptions underlying the transfer of hypervariabte loops from one antibody to another, 
and In particular that the antigen binds mainly to the hypervarfable regions. These are defined as regions of 
sequence (reference 11) or structural (reference 18) hypervariability, and the locations of hypervariabte 35 
regions are similar by either criterion, except for the first hypervariable loop of the heavy chain. By sequence 
the first hypervariable bop extends from residues 31 to 35 (reference 1 1 ) and by structure from residues 2S to 
32 (reference 18), Residues 29 and 30 to form part of the surface loop, and residue 27 which is phenylalanine or 
tyrosine In most sequences including YTH34.5HL, helps pack against residues 32 and 34. 

By way of Plustratlon, see Figure 6 which Illustrates loop Phe27 to Tyr35 In the heavy chain variable domain of 40 
the human myeloma protein KOL which Is crystatlographicafly solved (reference 31). The backbone of the 
hypervariabte region according to Kabat (reference 11) is highlighted, and a 200% van der Waal surface is 
thrown around Phe27 to show the interactions with Tyr32 and Met34 of the Kabat hypervariable region. In the 
rat YTH34.5HL heavy chain, these three side chains are conserved, but In HuVHCAMP, Phe27 Is replaced by 
Ser: this Is because, unlike most human heavy chains. In NEW the phenylalanine is replaced by serine, which 45 
would be unable to pack In the same way as phenylalanine. To restore the packing of the loop, a Ser(27) to Phe 
mutation was made In HuVHCAMP. and also a double mutation Ser(27) to Phe, Ser(30) to Thr (as mentioned 
above). 

The two mutants showed a significant increase In binding to CAMPATH-1 antigen and lysed human 
lymphocytes with human complement. See the results given In Table 1. Thus the affinity of the reshaped 50 
antibody could be restored by altering the packing between the hypervariable regions and the framework by a 
single Ser(27) to Phe mutation. This suggests thai alterations in the "Rabat" framework region can enhance 
the affinity of the affinity of the antibody, end extends previous work in which an engineered change in the 
hypervariable region yielded an antibody with Increased affinity (reference 19). 

55 

Heavy chain constant domains 

In stage 2 (Figure S), the rat heavy chain variable domain was attached to constant domains of the human 
Isotypes kjQ1 ,2, 3, and 4, and transfected into the heavy chain loss variant of the YTH34.5 hybrtdoma. 

Antibody was harvested from cells in stationary phase, concentrated by precipitation wtth ammonium 
sulphate and desalted Into phosphate buffered saline (PBS). Antibodies bound to the Campath-1 antigen 60 
coated on mlcrotltre plates, were assayed in EUSA directed against the rat k light chain (reference 21), and 
adjusted to the same concentration. The antibodies were assayed in complement lysis (as described above) 
and ADCC with activated human peripheral blood mononuclear cells (references 21, 32). Briefly. 5 x 10 4 human 
peripheral blood cells were labelled with 51 Cr and incubated for 30 minutes at room temperature with different 
concentrations of antibody. Excess antibody was removed and a 20 fold excess of activated cells added as 65 
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effectore. After 4 hours at 37° C death was estimated by «'Cr release. altarhftri to 

The results are shown In Figure 7. in which the results for rat heavy chain variable domain attached to 
different human Isotypes are represented as follows: 



55 



40 



45 



l g G1 empty squares 

lgG2 empty circles 

|gG3 solid squares 

lgG4 empty triangles 



Results of lysis with the antibody YTH343HL are represented by solid circles 
In complement lysis (Figure 7a). the human lgQ1 tsotype proved similar to me YTH34^HL^2b t^ 
human !gG3 isotype less effective. The human lgQ2 tsotype was onry^a^ic and the lgG4 tteotype 
norviytic In ADCC (Rgure 7b) the human lgG1 was more lytic than the YTr^HL-G2b antibody The 
15 decrease in lysis at higher concentration of the rat lgG2b and the human Ig61 antibody ts due to arr excess erf 
antibody, which causes the lysis of effector cells. The human lgG3 antibody was weakly lytic, and the lgG2 and 

' 9 The fe hS^G1^ therefore suitable for a reshaped antibody for therapeutic use. Other recent 

work also suggests the lgG1 Isotype as favoured for therapeutic application. When the effector functions of 
20 r^man Iso^pYs were compared using a set of chimaeric antibodies with an anthhapten vanabte domain, the 
IqgT isotype appeared superior to the lgG3 In both complement and ceil mediated lysis (reference 4 
Furthermore, of two mouse chimaeric antibodies directed against cell surface antigens as tumour cell 
rn^eTwitn human lgG1 or lgG3 Isotypes, only the lgG1 Isotype mediated complement tys.s (references 2. 
3). 

25 

^rfste^ S (Rgure 5), the reshaped heavy chain was completed, by attaching the reshaped HuVHCAMP 
(Ser27 to Phe Ser30 to Thr) domaTto the human lgG1 Isotype. The reshaped light chain domam HjJVHCAMP 
wasattoched to the human Ck domain. The two vectors were cotransfected into the non-secreting rat Y0 

30 ^C^qThuVHCAMP (Ser27 to Phe. Thr30 to Ser)-HulgG1, HuVLCAMP-HulGK was purified from 
suoernatants of cells In stationary phase by affinity chromatography on protein A S^^f^^*^^ 
at least 95Vo (by wt) pure. The yield (about I0mg/l) was measured spectrophotometry. Complement and 
ADCC assays were performed as described m connection with Figure 7. 

The rWults are shown in Figure 8, In which the results are reshaped human an .bodies are represented by 
squares and those for rat YTH34.5HL antibodies are represented by solid circtes. 

The purified antibody proved almost Identical to the YTH34.5HL-G2b antibody In complement tysts (Rgure 
8aMn XedlTed K reshaped human antibody was more reactive than th "^^J^^ 
Similar results to the ones In Rgure 8b were obtained with three different donors of target and effector cells 

three oatients with B Cell lymphocytic leukaemia by complement mediated lysis with human serum. 
* T^e^S L fl^rSed antibody *£re compared In a direct finding assay to Campath-1 

tounT tolxfiW Purified Campath-1 antigen was determined as described in connection with Tab te l. The 
aToum of lS antibody bound was determined by an EUSA assay using a blotinylated sheep anti-human 
IgG antibody (Amersham). 



50 



Table 2 

Reshaping the heavy and light chain variable 
domains simultaneously 

antibody Concentration of 

antibody In ug/ml at 
50<Vb binding 

55 antigen binding 

RaVHCAMP Ra1GG2B 
RaVHCAMP RaKappa 1.01 
HuVHCAMP (Ser27 to 
60 Phe. Ser30 to Thr) 
Hu1GG1 

HuVLCAMP HuKappa 1.11 
65 Thus by transplanting the hypervariable regions from a rodent to a human antibody of the igG1 subtype, the 
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antibody can be reshaped for therapeutic application. 

The strategy fllustrated In Figure 5 Is stepwise assembly to allow any problems to be detected at each stage 
(reshaping of heavy chain variable domain, selection of constant domain and reshaping of light chain variable 
domain), it Is quite possible to build the reshaped antibody In a single step assembly, I.e. constructing the two 
reshaped variable domains, attaching to appropriate constant domains and cotransfecttng Into e.g. YO. 5 



Example 2 

Patients and Methods 

Antibody HuVHCAMP (Ser 27 to Phe, Thr 30 to Ser) - HulgGI . HuVLCAMP - HulGK. hereinafter referred to 10 
as CAMPATH-1H, was prepared as described in Example 1.The CAMPATH-1 H antibodies were obtained from 
culture supernatant of cells growing In a hollow fibre bloreactor ('Acusyst - Jr\ Endotronics) and purified by 
affinity chromatography on protein-A-'sepharose\ They were dissolved In phosphate-buffered saline, sterile 
filtered, and tested for pyrogen and sterility. Patients were prehydrated over night and antibody, diluted in 500 
ml saline, was Infused over 2-4 hours. 15 

Campath-1 expression on tumour cells was measured by flow cytometry and complement-mediated lysis 
(references 6, 35). Serum concentrations of CAMPATH-1 H were measured by immunofluorescence with 
normal lymphocytes. Southern blot analysis with an immunoglobulin Jh probe was used to detect residual 
tumour ceils in DNA extracted from mononuclear fractions of bone marrow. Antiglobulin responses were 
sought by two techniques. The first was a solid-phase enzyme-finked assay using mlcrolitre plates coated wtth 20 
CAMPATH-1 H. After Incubation with patients' serum samples, the assay was developed with bfotln-tabefled 
CAMPATH-1 H followed by st re ptavid in -peroxidase. A mixture of monoclonal mouse antibodies against human 
IgG was used as a positive control and 500 ng/ml of this mixture would be detected. In the second assay, 
patients serum samples were mixed with red cells coupled with CAMPATH-1 H (reference 10). Agglutination 
by 5 ng/ml of the control mixture would be detected. Immunoglobulin allotypes were determined by means of -25 
standard reagents and techniques from the Central Laboratory of the Netherlands Red Cross Blood 
Transfusion Service. 



RESULTS 

30 

Patient 1 

A 69-year-old woman presented In 1383, and grade 1, stage IV A non-Hodgkin lymphoma in leukaemic phase 
was diagnosed. Between 1983 and 1988 the patient received various types of treatment, including 
chemotherapy and radiotherapy and rat antibody to Campath-1. She was then given treatment with 
CAMPATH-1 H. 35 

The starting dose was 1 mg dairy and, since it was well tolerated, the dose was increased to a maximum of 20 
mg/day, though the usual was 4 mg/day owing to the small amount available. In all the patient received 126 mg 
over 30 days. The response was prompt; in 6 days night sweats had abated, by day 10 there was pronounced 
reduction in splenomegaly and recovery of blood neutrophils, and by day 18 lymphoma cells were cleared from 
the blood (Figure 9). 

On day 28 a bone marrow aspirate and trephine were hypoceltutar but showed active myelopolesis and 
erythropolesls and no lymphoid cells (Figure 10B). No CAMPATH-1 positive cells could be detected by flow 
cytometry. DNA from the mononuclear marrow cells was germflne when probed with an Immunogtoublln Jh 
probe under conditions where clonal rearrangements could be detected in 0.2QA of ceils. Thus, ft is concluded 
that lymphoma cells were cleared from the marrow. The spleen volume was reduced about eight-fold (Figures 45 
11 A, BJ, although it was still slightly larger than normal. 

Other than fever occurring about 1 hour after the end of antibody Infusions there were no adverse effects of 
antibody treatment untD the 5th week, when severe rigors occurred after each Infusion. No antiglobulin 
response could be detected and the rate of clearance of antibody from the serum was unchanged. For the 
next 3 weeks the patient continued to experience occasional fever and rigors. She was given oral 50 
cotrimoxazole because of her lymphopenia, but no Infective cause of these symptoms could be found. 

tn the next 4 months lymphocytes, which appeared morphologically normal, slowly reappeared In the blood 
(up to 0.2 x 10 9 /t). They did not show the characteristic rearranged ImmunogJoubPtn fragments, and both 
CD3-posrttve and CD19-posttrve cells were present (see Table 3). Serum immunoglobulin levels, which had 
been very tow since presentation, have risen towards normal (Table 3). A marrow aspirate and trephine taken 55 
50 days after the end of treatment were again hypocellular but had no lymphomatous infiltration. This marrow 
sample contained 4% CAMPATH-1-posfttve cells and showed some ollgoclonal rearrangements of 
Immunoglobulin genes. However, by day 100, lymphoma cells were again detected In the blood and the spleen 
size had started to increase. A second course of 12 days' therapy wtth CAMPATH-1 H was completed with 
similar therapeutic benefit to the first and no adverse effects. Since the main resevolr of disease In the patient 60 
appeared to be the spleen, splenectomy was carried out at the end of this second course of treatment. At that 
time no tumour cells could be detected in blood or marrow. The patient Is now weD 37 days after the 
splenectomy. The lymphocyte count Is low but she has normal neutrophil, platelet, and red-cell counts. 
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E f$£ar o|d ^ resented In April 1988 with splenic pain; there was 12 on 

tomoamphv scan of thorax and abdomen revealed retrocrural and para-aortic o ^P^ de "°^; ^ e m ^?^ 
befng lymphoplasmacytoid cells which expressed surface IgG-kappa and 

cSoDtasmte pericxlk>add-Schiff-positrv9 vacuoles which could be Intensely stained by antHgG. A rnarrow 
Sr^Sn^ lymphoma cells (Figure 10C). DNA from blood —dear ^showed 
biaJlelic rearrangement of Immunoglobulin J H genes but was germOne with various receptor ana 
oncorenT probes. The Ivmphomaletis expressed the CAMPATH-1 antigen in amounts ^mparabte wrth 
nS r^ho^tes buTwere more resistant to complement-mediated lysis. Stage IVA grade l 

IvrnDhoolasmacvtoid non-HodgHn lymphoma was diagnosed. . , . 

^e^SSfered CAMPATH-1H as primary ^^ h ^^^%Z^l)Zt^ 
resulted in clearance of the lymphoma cells and normal lymphocytes from blood (Rgure 12] > J™^™ 
F sure 10D). resolution of spienJmegaly. and Improvement in the ^^^f^^^SZ^ 
sca^ taken Sdays afterthe end of antibody treatmemwasn^ 

at the same time showed active haemopoiesis but no lymphoma cells, and no CAMPATH-1 -positive ceils coura 
bV*t^d*f^^ DNA from the mononuclear fraction of this rr^ sr^wed only gamdm 
^Sl K^h the ^munoglobunn J H probe. By day 78 ^^^f^"^^ 
lymSes began to reappear and none of the vacuolated cells could be seen. The patient remains well and 

20 ^SomeTxic effects of CAMPATH-1 H were observed. The first dose was stopped after 3 mg had been given 
b«au£ of^ension possibly caused by tumour lysis. This problem was subsequently avoided by giving 
SfdoseTat a SE£ rate and when lymphoma cells had been cleared from the blood the dose was 
biased ^^mTof 8 mg over 4 h without any effect on blood pressure. Nevertheless, ail doses Induced 
^ tevS (!To to M 5^r^d maSse for up to 38 h, but these were not severe enough to stop antibody treatmen 
25 ^XrT^^t^Z given on an outpatient baste. Treatment was stopped after A3 days because of 
the development of an urticarial rash after two successive antibody Infusions. 



10 



15 



^^o^SoT^AMPATH-IH was measured In serum samples taken before and a«er ^body 
^uston^d at other times throughout tre^ 

the plasma In fact free antibody could not be detected until day 4-6. about 5-200* after 24 hours. 

L ^ 9 0 ^T^mXh"h is Glm t 1*17) t Km t 3,. Patient 1 was ^AI^.TiKte'S 
r,:m(3» iGmraTso both could theoretically have made an anti-aflotype response as well as a response to the 

eSySLd assay or by the more sensitive haemagglutination assay. In addition, the rate o ^amotcf 
CAMPAThMH did not change and free antibody could be detected for up to 8 days after the last dose > had 
be^Xl- rt is Possible that the reactions experienced at the end of the course of treatment could have been 
provoked by contaminating non-human proteins In the antibody preparation. 

^iSssions achieved in mese two patients sh^ 

«rth email amounts of an unmodified monocc onat antibody. The effects In the first patient were far superior to 

of norrnaJ r^en^potesls during the course of treatment was an Important advantage, which .allowed reatmerrt 
?o be XrSTan outpatient basis. It is believed the choice of antibody-specifidty and isotype te 
^an^md^lt^ay be^ these tests had more success than ^^^^^711°^ 
Sb^es (References 38^8.) The CAMPATH-1 antigen seems to be a good target because K is widely 
d tetrSuted and aidant, and does not suffer from antigenic modulation, (References 6.35.) 
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- PATIENT CHARACTERISTICS BEFORE AND AFTER TREATMENT WITH CAMPATH- \ H 



Case 1 



Case 2 



Diagnosis Stage IVB grade I NHL in Stage IVA grade I lympho- 

leukaemic phase plasmacytoid NHL 

before after before after 



Spleen size ml 4460 590 2600 440 

Lymphadenopathy nil nil retrocrural nil 

paraortic 



Bone marrow 

lymphoma cell X 99 0 72 0 

Southern blot analysis 

Ig J H fragment R/R G/G R/R G/G 



Peripheral blood 

haemoglobin g/dl 8.7 

reticulocytes x10 9 /l 31 

platelets x10*/l 37 

lymphocytes xlO'/l 60 
neutrophils x10 9 /l 0 



10.6 11.2 12.0 

135 nd nd 

50 110 453 

0 37 0 

2.0 4.6 7.3 
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monocytes 


xlOVl 


0 


0.04 


1.5 


0.5 


Lymphocyte phenotype 










CD19 


X 


97 


46 


93 


<5 


CD 3 


X 


0 


32 


8 


80 


CAKPATH-tM 


X 


96 


nd 


95 


nd 


CAMPATH-1H 


X 


98 


nd 


97 


nd 


Serum immunoglobulins 










I«M 


g/l 


<0.3 


1.2 


<0.3 


0.7 


IgA 


g/1 


<0.5 


<0.5 


<0.5 


0.5 




g/1 


5.8 


8.2 


3.2 


4.7 


Bence-Jones 




nil 


nil 




nil 



The post-therapy values refer to measurements made shortly after the end 
of antibody therapy, except for lymphocyte phenotyping and serum Ig, which 
were assessed 6 weeks later. Lymphocyte phenotypes were measured by 
iciunofluorescence and APAAP techniques. Spleen and lymph node dimensions 
vere measured by serial CT scanning (Figll). 
nd = not done 
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Claims 



40 



1. An antibody having at least one COR (complementarity determining region) which fs foreign with 
respect to the constant region of the antibody, said at least one foreign CDR being selected from CDRs 
substantially as identified In Figure 2, that is amino add residues 31 to 35, 50 to 65 and 95 to 102 of the 45 
heavy chain as shown in Figure 2a, and amino acid residues 24 to 34, 50 to 56 and 89 to 97 of the light 
chain as shown In Figure 2b, the antibody being capable of binding effectively to the antigen Campath-1. 

2. An antibody as claimed in claim 1, having a heavy chain with at least one CDR selected from CDRs 
substantially as identified in Figure 2a and a light chain with at least one CDR selected from CDRs 
substantially as Identified In Figure 2b. so 

3. An antibody as claimed In claJm 1, having a heavy chain with three CDRs substantially as Identified In 
Figure 2a or a light chain wfth three CDRs substantially as identified In Figure 2b. 

4. An antibody having heavy and light chain CDRs which are foreign with respect to the constant region 
of the antibody, said CDRs being substantially as Identified In Figure 2, that Is residues 31 to 35, 50 to 65 

and 95 to 102 of the heavy chain as shown In Figure 2a and residues 24 to 34, 50 to 56 and 89 to 97 of the 55 
light chain as shown tn Figure 2b, the antibody being capable of binding effectively to the antigen 
Campath-1. 

5. An antibody as claimed In any one of claims 1 to 4, wherein the CDRs are combined with variable 
domain framework regions of human origin. 

6. An antibody having heavy and light chain variable domains as Identified In the lower lines of sequence 60 
information in Figure 2, that is residues 1 to 1 13 of the heavy chain and residues 1 to 108 of the tight chain, 

the CDRs and constant region of the antibody being foreign with respect to one another, the antibody 
being capable of binding effectively to the antigen Campath-1 . 

7. An antibody haying heavy and light chain variable domains as Identified In the upper lines of 
sequence Information tn Figure 2, namely residues 1 to 1 1 3 of the heavy chain and residues 1 to 108 of the $5 
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light chain, and that will bind effectively to the antigen Campath-1. 

8. An antibody as claimed In claim 7, wherein the phenylalanine at residue 27 in the heavy chain Is 
replaced by serine. 

9. An antibody as claimed in claim 7 or B, wherein the threonine at residue 30 In the heavy chain Is 
5 replaced by serine. 

10. An antibody as claimed In any one of the preceding claims, wherein the heavy and light chain 
constant domains are of human igG1 class. 

11. An antibody composition, for administration to patients, comprising an antibody as claimed in any 
one of the preceding claims In substantially biologically pure form, together with a physiologically 

W acceptable diluent or carrier. 

Claims for the following Contracting States ES.GR 

1. A process for the preparation of an antibody having at least one CDR [comple mentality determining 
IS region) which is foreign with respect to the constant region of the antibody, said at least one foreign COR 

being selected from CDRs substantially as Identified In Figure 2, that is amino add residues 31 to 35, 50 to 
65 and 95 to 102 of the heavy chain as shown In Figure 2a. and amino add residues 24 to 34. 50 to 56 and 
89 to 97 of the light chain as shown In Figure 2b, the antibody being capable of binding effectively to the 
antigen Campath-1, which process comprises culturing a ceO capable of expressing the antibody In order 
20 to effect expression thereof. 

2. A process as claimed In claim 1 , for preparing an antibody having a heavy chain with at least one CDR 
selected from CDRs substantially as identified in Figure 2a and a light chain with at least one CDR 
selected from CDRs substantially as Identified In Figure 2b. 

3. A process as claimed in claim 1, for preparing an antibody having a heavy chain with three CDRs 
25 substantially as identified In Figure 2a or a light chain with three CDRs substantially as Identified In Figure 

2b. 

4. A process for the preparation of an antibody having heavy and light chain CDRs which are foreign 
with respect to the constant region of the antibody, said CDRs being substantially as Identified In Figure 2, 
that is residues 31 to 35, 50 to 65 and 95 to 102 of the heavy chain as shown In Figure 2a and residues 24 to 

30 34. 50 to 56 and 89 to 97 of the light chain as shown In Figure 2b, the antibody being capable of binding 

effectively to the antigen Campath-1, which process comprises culturing a celt capable of expressing the 
antibody In order to effect expression thereof. 

5. A process as claimed in any one of claims 1 to 4. for preparing an antibody wherein the CDRs are 
combined with variable domain framework regions of human origin. 

35 6. A process for the preparation of an antibody having heavy and light chain variable domains as 

identified in the lower lines of sequence information in Figure 2, that Is residues 1 to 1 13 of the heavy chain 
and residues 1 to 108 of the light chain, the CDRs and constant region of the antibody being foreign with 
respect to one another, the antibody being capable of binding effectively to the antigen Campalh-1 , which 
process comprises culturing a cell capable of expressing the antibody In order to effect expression 

40 thereof. 

7. A process for the preparation of an antibody having heavy and light chain variable domains as 
identified In the upper tines of sequence information In Figure 2, namely residues 1 to 113 of the heavy 
chain and residues 1 to 108 of the light chain, and that will bind effectively to the antigen Campath-1 , which 
process comprises culturing a cell capable of expressing the antibody in order to effect expression 

45 thereof. 

8. A process as claimed in claim 7, for preparing an antibody wherein the phenylalanine at residue 27 in 
the heavy chain Is replaced by serine. 

9. A process as claimed In claim 7 or 8, for preparing an antibody wherein the threonine at residue 30 In 
the heavy chain Is replaced by serine. 

50 10. A process as claimed in any one of the preceding claims, for preparing an antibody wherein the heavy 

and Dght chain constant domains are of human lgQ1 class. 

1 1. A process for the preparation of an antibody composition, for administration to patients, comprising 
mixing an antibody prepared by the process as claimed In any one of the preceding claims In substantially 
biologically pure form with a physiologically acceptable diluent or carrier. 

55 



60 



65 



16 



EP 0328404 A1 



c H i 



•z; 




DOMAINS 

INTER-DOMAIN SECTIONS 
DISULPHIDE BOND 
VARIABLE 
CONSTANT 
LIGHT CHAIN 
HEAVY CHAIN 



Fig.1 



EP 0 328 404 A1 



Hindi r l| 



.nTCCRnflTccTCTcnnTCTncnTGGTnnnTnTnGGTTTGTCTnTncc 

* RMfl starts | > RMR siaris 



ACflflACflGftAAflftCflTGRGflTCflCflGTTCTCTCTnCflGTTRCTGftGCflCflCflGGflCCTCfi +60 

t signal I Sp I i ce 

QlCUSCI I L F L U ft T- fl T^ J, 

CCflTGGGflTGGflCCTCTflTCflTCCTCTTCTTGGTRCCFlflCftGCTflCftGGTflflGGGGCTCft +120 
flTORflGTTGTCGCTGflflCTCGfiTTTTCCTTTTftflCRCTTTTRflflT 
CflKLULNUIFLLTL L~7D 

C^GTRGCflCGCTTGftGOTCTGGflCflTflTflTflTGGGTGRCflflTCflCflTCCftCTTTGCCTTT + 180 
Sol ice I oligo* III, IV, VII 

S P" ce J, signal , 5 10 

CO U H S) Q UQLQESGPGLVR 
CTCTCCACRGGTCTCCflCTCCCflGGTCCRflCTGCftGGflGAGCGGTCCflGGTCTTGTCflGR +240 
CGjrflJ^CflGTGTGflGGTGflflftCTGTTGCflflTCTGGftGGftGGCTTGGTACfiG 
CO I Q C) E UKLLESOGGLUO 

oligoXIII oligoX 
15 20 25 m 30, COR I 

PSOTLSLTCTUSGSTF S | D F V~| 
CCTflOCCflGflCCCTGflGCCTCflCCTGCRCCGTGTCTGGCAGCflCCTTCflCCGflTTTCTftC +300 
CCCGGOOOTTCTRTOfiORCTCTCCTOTGCRGOTTCTOORTTCftCCTTCfiCT GRTTTCTflC 
PGGSnRLSCRGSGFTFT |0 F V| 

35 ^'>< 40 45 50 52 o 

l» Hi UURQPPGRGLEU I G |F I R Ol 
RTGflACTGGOTGRGACflGCCflCCTGGflCGflGGTCTTGflGTGGRTTGGflTTTflTTflGftGftC +360 
fllGfiRCTGGflTCCGCCftGCCTGCRGGCRftGGCRCCTGflGTGGCTGGGT TTTRTTflGRCflC 
In H I U IRQPRGKflP EUL G |F I R ~o] 

oligoXI y 1 

b c S3 55 COR 2 60 65 70 

IKRKGVTTEVHPSUKGl R U T rt L 
fiflRGCTRRflGGTTflCflCflRCflGRGTflCflftTCCftTCTGTCflflGGGGRGflCTGflCRflTCCTG +420 
flRRGCTflflftGGTTflCRCfiftCfiCftGTflCRfiTCCRTCTCTGflflCGGG CGGTTCRCCfiTCTCC 
IKRKOVTT'E VHPSUKGl R F T I S 

75 80 82 a b c 83 85 

UDTSKMQFSLRLSSUTflflDT 
GTRGfiCflCCflGCRRGRflCCROTTCRGCCTGRGACTCRGCRGCGTCflCRGCCGCCGfiCflCC +480 
flGflCRTfiATRCCCflflflRCftTCCTCTflTCTTCRRATGflftCflCCCTRflOflCCTGflGGRCflCT 
ROMTQHllLVLQUMTLRflEOT 

0II90 XII 

00 95 CDR 3 100 o b1Ql , 05 

fl V V Y C R R IEGHTR RPF0VI U G Q 

GCGGTCTRTTflTTGTGCflRGflGflGGGCCRCfiCTGCTGCTCCTTTTGflTTftCTGGGGTCflfl +540 

OCCRCTTRCTRCTGTGCRRGR GRGGGCCRCRCTGCTGCTCCTTTTGRTTRC TGGGGCCflR 

fl T V V C fl R lEGHTRflPFDVl U G Q 

oligos V, VI, VII . c ^ 

MO 1(3 Splice . 

OSLUTUSsJ, BaatHI 

CGCRGCCTCGTCACflGTCTCCTCftGGT ^3* +600 

GGRGTCRTCCTCACRGTCTCCTCR 

GVnVTVSS 

0Hgoftuel«otid« : 1: 5-GGC CAG TGG ATA CAC-3', III: 5'-CAG TTT CAT CTA 
OAA CTG GAT A-3*, IV: 5*-GCA GTT GGG TCT AG A AGT GGA CAC C-3*, 
V: 5-TCA GCT GAG TCG ACT GTG AC-3', VI: 5-TCA CCT GAG TCG ACT CTG 
AC-3*, VII: 5-AGT TTC ACC TCG GAG TGG AC A CCT-3', VIII: 5-TCA CCT GAG 
GAG ACT CTG AC-3'; IX: 5-GGC TGG CGA ATC CAO TT-3*, X: 5'-CTG TCT CAC 
CCA GTT CAT GTA GAA ATC GCT GAA CGT GCT-3*, XI: S'-CAT TGT CAC TCT 



uw\ ui 1 tAf u l A UAA ATC GCT GAA CGT GCT-3*, XI: 5-CAT TGT CAC TCT £T 
CCC CTT CAC? AG A TGG ATT GTA CTC TCT TCT GTA ACC TTT ACC TTT GTC I 10 

TCT A AT AAA TCC AAT CCA CTC-3\ XII: S'-GCC TTC ACC CCA CTA atc aaa ~? * 

2a 



TCT AAT AAA TCC AAT CCA CTC-3*, XII: 5*-CCC TTC ACC CCA CTA ATC AAA 
AGC AGC AGC AGT CTG CCC CTC TCT TCC AC A AT A-3', XIII: 5- AG A AAT 
CCG/C TCA AGG TGA ACQ CAC AC A C-3*. 
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Hindllll 

5 ' • • •** flTCCflflnTCCTCTGfiflTCTflCflTCCTRftBTflTflCCTTTCTCfRffiCC 

■ )RW1 starts ■ ^RMfl starts 

ftCftARCflCflflRflftCflTCflGftTCflCfiGTTCTCTCTflCflGTTnCTCnCCftCflCACGflCCTCfi +60 

RTGR 

, s '9 nQl ^ .Splice 

CCflJtiliCnTGGRGCTGTflTCftTCCTCTTCTTGGtflGCflflCflGCtACflGGTflfiGGGGCTCfl +120 
TCOCTCCR CTTCfiflCTCTTRGCOGTflGCTGCTflCCTCTGGCTrcr.ftr, 

CnflflLQLLGU flflSSGS Q^ 

CftGTftCCfiGGCTTGfiGGTCTGGflCftTflTftTfiTCGCTGflCftflTCRCflTCCfiCTTTGCCTTT +180 
S P ,ic isignol , 5 , Q 

(0 U H S p 0 I QflTQSPSSLSfi 

CTCTCCflCflGGrCTCCfiCTCCGftCflTCC8GftTCflCCCflGflGCCCfiftGCfiGCCTGftCCGCC +240 
GCXflTGRGflTCTGfiCfiTCflnGflTCflCCCflGTCTCCCTCflTTCCTGTCTGCfl 
Cfl n R Q 0 I KMTQSPSFLSfl 

0H90 xrv 

15 20 25 30 CDR 1 

SUGDRUTITC |k fi 5 Q M \ q K^TTl 

RGCGTGGGTGRCRGflGTGRCCRTCRCCTGT RRRGCRRGTCRGRRTRTTGftCRRRTftCTTfl +300 
TCTGTGGGflORCRGflGTCRCTCTCRRCTGC flflRGGRRGTCRGftRTRTTGRCRRRTRCT Tfl 
SU- GDRUTLMC | K ft S Q h i D K V L I 

olioo XV 

. — , 35 • 40 45 50 CDR 2 

(SJUVQQKPGKftPKLLlV I h T N M I 
{^TGOTRCCROCRGRaOCCflOOTftROOCTCCfiflROCTCCTORTCTfi ^ +360 
gTCCTflTCflCC^flGCTTCCflGfiRTCT(XCflfiflCTtt 



55 60 65 



I h Q T J CUPSRFSGSGSGTOFTF 
IJ^??? 0000101000 ^^ +420 
rrGCflRflCGGGCRTCCCRTCflRGGTTCflGTGGCflGTGGRTCTGCTflCTGflTTTCRCACTC 
' L QT| CIPSRFSGSCSCTOFTL 

oligo XVI 

75 80 85 90 COR 3 
T| SSLQPEOIRTVVC | L Q H I Tl 

RCCRTCRGCflGCCTCCRGCCTGftflGRTGTTGCCRCflTRTTTCTGC TTGCRGCRT RTflRGT 
T,Ssl -QPEDUftTVFC |L Q H i ~T\ 

[ R 9 p r Tl F G ,0 Q C 108 

I R P R T I FGTGTKLELKR 
BomHI 

TTTCCTTCCTCfiGTTGGRTCC-3 * 

OligomicltotMtf : II: 5*-TGC AGC ATC AGC C-3*, XIV: 5-CTG CTG GTA CCA 
GTT TAA GTA TTT GTC A AT ATT CTG ACT TGC TTT ACA GOT GAT GGT-3' 
XV: 5'-0CT TOG CAC ACC CCT TTG CAA ATT GTT TGT ATT GTA GAT CAG ' 
CAG-3*, XVI: 5"-CCC TTG CCC GAA CCT GCG CGG CCT ACT TAT ATG CTG CAA 
GCA^GTA GTA GGT-3*. 

Fig. 2b 
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Sequence o-f the synthetic gene HUVLLYSO 



DIQMTQSPSSLSASVGDRV 
CT6CA SACATCCAGATGACCCAGA6CCCAAGCAGCCTGAGCGCCAGCGTGGGTGACAGAG 
GACGT CTGTAGGTCTACTGGGTCTCGGGTTCGTCGGACTCGCGGTC6CACCCACTGTCTC 
10 20 30 40 50 60 



TITCRASGNIHNYLAWYQQK 
TGACCATCACCTGTAGAGCCAGCGGTAACATCCACAACTACCTGGCTTGGTACCAGCAGA 
ACTGGTAGTGGACATCTCGGTCGCCATTGTAGGTGTTGATGGACCGAACCATGGTCGTCT 
70 80 90 100 110 120 



PGKAPKLL1 YYTTTLADGVP 
AGCCAGGTAAGGCTCCAAAGCTGCTGATCTACTACACCACCACCCTGGCTGACGGTGTGC 
TCGGTCCATTCCGAGGTTTCGACGACTAGATGATGTGGTG6TGGGACCGACTGCCACACG 



SRFSGSGSGTDFTFT ISSLQ 
CAAGCAGATTCAGCGGTAGCGGTAGCGGTACCGACTTCACCTTCACCATCAGCAGCCTCC 
GTTCGTCTAAGTCGCCATCGCCATCGCCATGGCTGAAGTGGAAGTGGTAGTCGTCGGAGG 
190 200 210 220 230 240 



P E D IATY YCQHFWSTPRTFG 
AGCCAGAGGACATCGCCACCTACTACTGCCAGCACTTCTGGAGCACCCCAAGGACGTTCG 
TCGGTCTCCTGTAGCGGTGGATGATGACGGTCGTGAAGACCTCGTGGGGTTCCTGCAAGC 
250 260 270 2B0 290 300 



QGTKVEIKR 
GCCAAGGGACCAAGGTGGAAATCAAACGTGAGTAGAATTTAAACTTTGCTTCCTCAGTTG 
CGGTTCCCTGGTTCCACCTTTAGTTTGCACTCATCTTAAATTTGAAACGAAGGAGTCAAC 



130 



150 



160 



170 



310 



320 



330 



340 



3S0 



360 



GATCCTAGAATTC 
CTAGGATCTTAAG 
370 
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A1UJAAATCCTCTGAAT 

CTACATGGTAAATXKDGT^ 



MGWSCIILF 

CTCTACAGTTACTGAGCTOOyQGAtt 

L V A T A T 
TGCTAGCAACAQCTACAGGT^ 

1 

G V H S D I Q 

ATGQCTIQOATGAC^ 

5 10 15 20 

MTQSPSSLSASVGDRVTITC 
ATGACCCAGAGCCCAAQC^^ 

******************************* 

25 30 35 40 

RASGNI HNYLAWYQQKPGKA 
AG&GCCAGOQGTAACA^ 

******************* 
45 50 55 60 

PKLLIYYTTTLADGVP SRFS 
OCMAGCTGCIQ^TCTACT 

65 70 75 80 

GSGSGTDFTFTISSLQPEDI 
GGTAQCGGTAGOGGTACCGACTTCAOCT^ 

********************** 
85 90 95 100 

ATYYCQHFWSTPRTFGQGTK 
GCCSjOCTACTACTGCCA^^ 

105 108 
V E I K R 
Glt3GAA a JCAAACGTGAGTAGAA 



Fig. 4 
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